In today's global economy, assessing costs of compliance is crucial to understand how environmental regulations infl uence fi rms' behaviour and in particular their ability to compete at an international level. A three step methodology is used to conduct a comparison of Scotland's industry with the international community. The fi rst step compares environmental protection expenditures among the European Community. The second step uses the Environmental Regulatory Regime Index developed by Porter and Esty to compare regulatory quality among 71 nations. The fi nal step compares Scotland's environmental quality with the international community based on three criteria: SO 2 , PM 10 and energy effi ciency. Relative to the countries used in this research, Scotland is found to have a high quality regulatory regime, low costs of compliance for industry and a mixture of moderate to high environmental quality. Because signifi cant defi ciencies exist in the data, some uncertainties remain in the results. Published in 2007 with the permission of the Controller of Her Majesty's Stationery Offi ce and the Queen's Printer for Scotland.
Introduction

S COTLAND IS WELL KNOWN FOR THE QUALITY OF ITS ENVIRONMENT AND ITS LANDSCAPE, WHICH
is widely perceived to be of good quality. However, there is a need to balance protection of the existing environmental quality while improving that quality where it is not satisfactory, against the costs of compliance that are placed on the business sector and the possible adverse effects on competitiveness.
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This paper compares the relative costs of environmental regulatory compliance paid by industrial sectors and the environmental quality that is being attained in different countries. A methodology is presented by which an international comparison of the costs of compliance with environmental regulations can be conducted.
There is limited published literature that compares the value of environmental regulation between countries. An important cornerstone of this literature, written by Esty and Porter (2001) , of the Institute for Strategy and Competitiveness in the United States, provides the essential context of this paper.
The methodology presented follows three steps to qualify the value of a country's environmental regulation and to create a comparative ranking of the international community. The fi rst step identifi es the fi nancial costs of compliance incurred by industry in member states of the European Union (EU). The second step estimates the quality of the regulatory regime that operates within each country. The third step is to quantify the actual and relative environmental performance of each country, with the end goal of developing an understanding of Scotland's effectiveness and effi ciency in protecting the environment.
EPE and the Cost of Compliance
There have been few studies that compare the costs of compliance with environmental regulation using an international data set. Previously published studies have focused on a particular regime, environmental theme or individual nation (Atkins, 2005; DEFRA, 2006; Senat, 1999; Bluffstone, 1999; Khan et al., 2003) . There are two major reasons for this limited quantity of international research: (1) the absence of a uniform and broadly used international standard to measure fi nancial costs and (2) consistent and comparable environmental quality measures. Both information sets are necessary prerequisites for meaningful international comparison.
For this study the Environmental Protection Expenditure (EPE) data set, published by Eurostat, 1 is used. These data are consistent, comparable and available for all EU member states. The data set has also been extended to include Bulgaria and Romania (new members in 2007) and other potential entrants 2 into the EU.
EPE is defi ned as 'monetary expenditures on all purposeful activities directly aimed at the prevention, reduction and elimination of pollution or any other degradation of the environment' 3 (Eurostat, 2005) . EPE data are available for only two major economic sectors, the public sector (Eurostat, 2006a) 4 and industry (Eurostat, 2006b) 5 . The reported values are the ratio of EPE to gross domestic product (GDP) for each country. It is important to note that neither agricultural nor service sector expenditures are collected, and consequently they are not included in the EPE data. Published EPE values do not represent the total EPE for any given country, but are useful for comparing the costs borne by a country's business sectors.
Eurostat has given the following explanation for selective collection of EPE data: 'The opinion has been for years to focus EPE statistics on heavy industry where pollution is a problem and where actions are undertaken considerably. As the service sector's main environmental problems are energy effi ciency and the organization of transportation modes, the interest has been low for collecting EPE statistics on them'. Several important assumptions are imposed as a result of this data limitation. The fi rst assumption is that EPE values can act as a proxy for the full costs of compliance of each country's industrial sector. The second assumption is that the quality and accuracy of EPE and GDP statistics are consistent across all nations covered by the Eurostat report, thereby making international comparisons valid. It is understood that the reported EPE values do not capture or report the complete costs of compliance for any country. However, this paper assumes that EPE is positively correlated with actual, yet uncertain, costs of complying with environmental regulation. Compliance with environmental regulation is assumed to be the principal motivator of EPE.
Eurostat reports EPE values at the national level, and as the UK is the member state no separate expenditures are reported for Scotland. This necessitates the third assumption, that the UK's EPE value can be used as a proxy to represent a Scotland EPE value.
Several factors support this assumption. Scotland's economic make-up is similar to that of the UK, with only slight variations in the four basic sectors (industry, agriculture, service and public sector). The Scottish economy is a regional sub-unit of the UK economy and shares a common social, political and economic heritage; it is therefore considered to be a close representation of the UK. The differences in structure suggest that the total costs paid by the business sector in Scotland may actually be lower.
Based on EPE data 5 for the period 2000-2002, the UK spends a smaller proportion of its GDP on environmental protection in industry than most other European countries (see Figure 1) . Of the EU15, four member states have below average expenditures: the UK, France, Spain and Portugal. The latter three spend a smaller portion of their GDP on protection than the UK.
As seen in Figure 1 , the UK has below average expenditures, even when the larger EU25 group of nations is used for comparison. However, two new members, Latvia and Cyprus, are seen to spend a lower proportion of GDP than the UK.
The UK's EPE ranking on proportion of GDP spent on industry relative to other European countries contradicts claims by domestic industry and business interests that costs of compliance with environmental protection are high in the UK. In fact, the evidence shows that the portion of GDP spent is low. 
ERRI and Measuring the Quality of Environmental Regulation
Financial costs are not the only criterion that should be included in any examination of the cost of compliance with environmental regulation. The quality of the regulatory regime needs to be considered as well. The quality of regulation can be a signifi cant driver for an unnecessarily high fi nancial burden on both the public sector and the private sector.
In this section, the work of Esty and Porter (2001) is relied upon to identify the qualitative nature of the UK's and Scotland's regulatory regime and ranks it in relation to other countries. It should be emphasized that any assessment of regulatory regimes is by its nature a subjective undertaking and diffi cult to assess. However, the chosen methodology does provide valid comparisons.
Esty and Porter developed a multiple indicator index, the Environmental Regulatory Regime Index (ERRI), 7 which quantifi es the quality of regulation for a country. Before looking into the details of Scotland's ranking, it is probably worth clarifying a few aspects regarding these criteria. Table 2 presents the details of the data used.
The fi rst potential issue is the subjectivity of the criteria used. Given the wide range of existing regulations around the world, it is hard to use a complete quantitative and objective benchmark. Therefore, it is hard to avoid subjective aspects. However, most data have been assessed by surveys in which businesses as well as government leaders from around the world took part. Therefore, if we assume that the criteria considered give a pretty good overview of what should be taken into account when assessing environmental regulation, the method used is probably not far from a second best. However, two criteria in particular seem hard to assess accurately.
The sophistication of regulatory structures, even if only based on surveys, takes into account a wide range of parameters: options for achieving compliance in environmental regulations, confusing aspects of regulation, early or late regulation enactment compared to other countries. All these aspects give a pretty accurate idea of what we can expect from a sophisticated regime.
Regarding the quality of institutions, all components are actually quantitative: number of organizations that are members of IUCN, number of memberships in environmental intergovernmental organizations and number of companies utilizing an EMS (environmental management system).
The second potential issue is the data on regulatory enforcement. There is a risk of reaching wrong conclusions depending on how the difference between sanctions-based and compliance-based approaches to regulation is considered. The risk is to assume that more enforcement means better environmental quality. Previous research (Vogel, 1986) has indeed shown that, although these two approaches have different implications in terms of costs for the public and private sectors, they actually deliver roughly the same level of effi cacy. The enforcement variable is based on survey data that goes by the strength of regulations as perceived by the regulatory community. This strength would encompass both compliance based and sanctions based efforts. Nothing is therefore assumed about the outputs in the model: rather it examines various inputs to see whether they drive outputs.
Scotland's Ranking
The ERRI ranking includes the UK but as before does not separately identify Scotland. Because the ERRI index is a complex aggregation of data, it is beyond the scope of this paper to replicate the methodology in an attempt to create an ERRI profi le for Scotland. This necessitates another assumption, that Scotland's profi le within the ERRI framework is the same as the UK's, and therefore Scotland's rank can be assumed to be equivalent to that of the UK. This assumption is based on a substantial and signifi cant level of identical or equivalent environmental regulation between England and Wales, and Scotland, where environmental issues are a devolved issue. An expanded sample set is used to compare the UK, including Scotland, in terms of the relative quality of its regulatory framework. In addition to European countries the sample includes developing countries and large economies.
National ERRI scores are presented in Table 3 ( Figure 2 illustrates these results graphically). The UK is ranked 13th among the global community (71 countries considered). With the exception of the Scandinavian countries and France and Germany, the UK performs better than most other countries in Europe.
Environmental quality is generally considered to be a normal good: when income increases, greater quality or quantity is demanded. As per capita income of a nation increases, both individuals and society as a whole are expected to have an increasing willingness to pay for improved environmental quality. Economic theory predicts that the wealth and income of a nation can be a signifi cant factor when considering the environmental quality of a country. Specifi cally, there is believed to be a relationship between the wealth of a nation and its environmental policies (Grossman and Krueger, 1995) .
Using this premise, Esty and Porter examined the correlation between a country's GDP and the quality of its environmental regulation. Simple linear regression analysis (see box 1) compares the actual ERRI score of a country to its predicted value based on the country's per capita GDP. This allows for a comparison of underperforming and overperforming on environmental quality compared to the expected performance based on the common international experience. The UK is ranked seventh of 18 (Table 4) , among the countries classifi ed as 'high income', 8 with both France and Germany outperforming the UK. Four countries, Switzerland, Denmark, Iceland and Canada, were ranked higher than the UK by the actual ERRI score, but ranked lower than the UK when per capita GDP was considered. Figure 3 summarizes the UK's relative rank based on regression residuals. The results indicate that the UK's environmental regulatory regime is of high quality and stands up well to international comparison. Table 3 . ERRI rank and score by country
Box 1. Linear regression
What is a linear regression?
• The objective of linear regression analysis is to fi nd a simple mathematical equation, a straight line, which predicts the value of one variable given another variable, i.e. given the GDP and the ERRI of numerous countries, determine the predicted index value for any single country.
• predicted ERRI = a*GDP + b • Subtracting the predicted ERRI of a country from its true ERRI index gives a residual. The residual indicates if a country is an over performer or an under performer relative to the experience of all other countries.
52
J. Le Roux et al. It can be stated that Scotland also demonstrates high quality environmental regulation based on the previously mentioned assumptions. As Scotland's per capita GDP is slightly lower than the UK's, the implication is that using this measure Scotland would rank higher than the UK as a whole.
Measure of the Quality of the Environment
There are no uniform reporting standards for environmental quality that can be used to compare EU member states. Even within the UK, depending on the specifi c environmental information being reported, different standards may be used between Scotland, Northern Ireland, Wales and England. Where consistent and comparable standards are used, the information is aggregated from the regions and reported as a UK total. The authors have been unable to fi nd any source that provides disaggregated data.
However, the Scottish government is currently in the process of identifying data that may be used to compare the Scottish environment with EU countries. Publication of the information is scheduled for delivery in 2007.
To advance this investigation the authors have chosen to provide an ad hoc analysis of Scotland's environment in comparison to EU countries and the international community. Following the methodology established by Esty and Porter, three indicators of environmental quality are used to examine the performance of countries. Both the absolute quantity ( GDP, Table 6 ) of an environmental indicator are used to rank the performance of countries. Signifi cant changes in the ranking of some countries do occur, depending on which of the two methods of analysis is used. The three indicators used are (1) urban PM10 levels, (2) SO2 levels and (3) energy effi ciency. In Figure 4 the actual versus predicted levels of urban PM10 pollution for 71 countries are presented. If a country lies above the regression line, it is underperforming given its level of per capita GDP; if the country lies below the line it is on overperformer given the level of per capita GDP. Countries above the line have a negative residual, while those lying below the line show a positive residual.
In Figure 4 , Scotland (which is represented by the black spot to the left of the 25 000 value) lies below the high performers and to the right hand side, which indicates that it is an overperformer and would qualify as a high income country if it were sovereign.
Any environmental data that can be used for international comparisons have limitations that should be considered. Both the PM 10 and the SO 2 indicators are principally concerned with urban environments and populations. These indicators do not cover major environmental themes such as land use, water or biodiversity. Moreover, countries with cold climates tend to be less energy effi cient due to greater heating requirements. Scandinavian countries, for example, do not rank high on this issue, whereas 
Recommendation and Conclusions
This paper proposes and attempts to develop a framework by which the costs of compliance with environmental regulations borne by industry can be analysed and compared on an international basis. This objective has been met; however, substantial uncertainty in the fi nal answer exists. This process has highlighted shortcomings in available information. Two signifi cant areas that need further exploration and development are improved fi nancial accounting systems that are both effi cient and effective at identifying compliance costs and a need for uniform, consistent and broadly accepted environmental quality measurements.
In conclusion, it can be stated that Scotland has a high quality regulatory process, imposes relatively low costs of compliance on its industry and has an environment that is a mixture of moderate to excellent quality. The costs of compliance with environmental regulation are shown to be of good value in Scotland.
